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Objective: Little attention has been paid to the occurrence of aortic 
regurgitation after complete repair in patients with pulmonary atresia and 
ventricular septal defect or tetralogy of Fallot. To highlight the develop- 
ment of aortic regurgitation or aortic root dilation severe enough to 
necessitate aortic valve replacement with or without aortic aneurysmorrha- 
phy or aortic root replacement, we retrospectively reviewed the records of 
patients who underwent aortic valve operation at our institution subse- 
quent to repair of pulmonary atresia and ventricular septal defect or 
tetralogy of Fallot. Methods: We searched the Mayo Clinic database for 
patients with pulmonary atresia and ventricular septal defect or tetralogy 
of Fallot who subsequently had aortic valve or aortic root operations. The 
degree of aortic regurgitation before operation was noted. Aortic sinus and 
root dimensions were measured. Results: Sixteen patients underwent com- 
plete repair at a median age of 17 years, followed by an aortic operation a
median of 13.5 years later. All 16 patients had dilated aortic sinuses at the 
time of the aortic valve operation. These 16 patients had aortic valve 
replacement: 11 with mechanical prostheses and 5 with bioprostheses. Five 
of the 16 also had reduction of aortic dilation by lateral aneurysmorrhaphy, 
and 1 had graft replacement of the ascending aorta. Five patients had 
associated conditions (evidence of valvular damage, recurrent ventricular 
septal defect, or history of endocarditis) discovered at the aortic valve 
operation that have been reported to be related to the development ofaortic 
regurgitation. The remaining 11 patients had progressive aortic regurgita- 
tion despite complete, uncomplicated repair. Conclusions: Progressive aor- 
tic regurgitation and aortic root dilation can occur despite complete repair 
of pulmonary atresia and ventricular septal defect or tetralogy of Fallot. 
(J Thorac Cardiovasc Surg 1997;113:736-41) 
A ortic regurgitation is reportedly an uncommon association in patients with pulmonary atresia 
and ventricular septal defect (PA/VSD) or tetralogy 
of Fallot (TOF). >9 In patients who do not undergo 
operation it is progressive and has been attributed 
primarily to lack of support of the aortic valve cusps, 
which prolapse into the suba0rtic VSD. 3'8-1° In 
addition, there is often dilation of the aortic anulus 
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because the aorta receives most or all of the blood 
from both ventricles, and this may contribute to 
aortic regurgitation. Other causes of aortic regurgi- 
tation in these patients include a congenitally abnor- 
mal aortic valve and damage from endocarditis. 2' 3, 9 
Although some investigators have noted aortic 
regurgitation after complete repair, it has usually 
been mild and of no clinical consequence. 5' 10, tl 
Indeed, many series have made little mention of 
aortic regurgitation despite prolonged follow- 
up. 12-~s Late aortic regurgitation has usually been 
attributed tO intraoperative aortic valve damage at 
repair, aortic valve damage from endocarditis, or 
recurrent VSD. 3' 4, 7, 19 
It is generally accepted, however, that complete 
repair prevents progression of aortic regurgitation 
or aortic root dilation. At our institution we encoun- 
tered patients who subsequently required aortic 
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Table  I. Summary of  clinical data on 16 patients with PA/VSD or TOF and aortic valve operation 
At radical repair At aol~ic opeTation 
Aortic Ascending Aortic Ascending 
Age (yr)/ sinuses aorta Concomitant Age sinuses aor ta  Concomitant 
Patient Diagnosis Palliation sex AR (ram) (mm) procedures (yr) AR (ram) ( ram)  procedures 
1 PA/VSD B-T shunt 3 mo/F None 15 14 PDA closure 24 Moderate 46 54 Redo conduit, 
TV repair 
2 Mild 38* 41" 26 Severe 44 42 Redo conduit 
3 None 46 42 15 Severe 64 52 Redo conduit 
4 None 35 39 22 Moderate 42 Redo conduit, 
aneurysm repair 
PA/VSD 10/M Collateral ligation 
PA/VSD AP window ll/F PDA closure 
PA/VSD 12/F PDA closure, 
collateral ligation 
5 PA/VSD 12/F None 32 30 Collateral ligafion 34 Severe 51 49 
6 PA/VSD 13/F Mild 37* 39* Collateral ligation 27 Moderate 45 47 
7 PA/VSD 15/M None 31 28 Collateral ligafion 22 Moderate 42 
8 PA/VSD 21/F NA 41 45 PDA closme 38 Severe 42 
9 PA/VSD Waterston 22/M None 44 45 Ball]e 36 Moderate 53 
TAPVC to LA 
10 PA/VSD 25/M NA 42 44 Collaterai ligation 37 Severe 51 
1! PA/VSD Ports 30/F None 46 45 43 Severe 46 
I2 PA/VSD 34/M Trivial 52 Collateral llgation 43 Severe 63 
13 TOF 4/M NA NA 25 Severe 81 
14 TOF B-T shunt 19/M NA 39* 33* 47 Severe 41 
15 TOF Ports 22/M NA NA Prior endocarditis 24 Severe 53 
16 TOF B-T shunt, 42[F Mild 38 46 Moderate 37 
Brock 
Redo conduit, 
aneurysm repair 
(collateral ligated 
previously) 
38 Redo conduit 
48 Redo conduit 
54 Redo conduit 
TV replacement, 
aneurysm repair 
Redo conduit, 
recurrent VSD repair 
(collateral coil 
closure previously) 
59 Redo conduit, 
aneurysm repair 
57 Redo conduit, 
aneurysm repair 
Closure ASD 
39 MVR, recurrent 
VSD repair (recurrent 
VSD repair twice 
before AVR) 
43 Recurrent 
VSD repair 
33 PVR, TV repair, 
recurrent VSD 
repair 
AP, Aortopulmonary; AR,aortic regurgitation; ASD, atrial septal defect; AVR, aortic valve replacement; B-T, Blalock-Taussig; F, female; LA, left atrium; M,, 
male; MVR, mitral valve replacement; NA, not available; PDA, patent ductus arteriosus; PVR, pulmonary valve replacement; TAPVC, total anomalous 
pulmonary venous connection; TV,, tricuspid valve. 
*Data from imaging after epair. 
valve rep lacement  despite excel lent results after 
repair.  We therefore  reviewed our  database to iden-  
tify pat ients  who had aort ic valve rep lacement ,  
aort ic root  rep lacement ,  or ascending aortic aneu-  
rysm repair  late after repair  of  PA /VSD or TOF .  
Methods 
We reviewed the Mayo Clinic medical records database 
from 1962 to 1996 for patients with the diagnoses of 
PA/VSD or TOF who had also undergone aortic valve 
replacement, aortic root replacement, or ascending aortic 
aneurysm repair at our institution. Because our aim was to 
identify the subset of patients who had progressive aortic 
regurgitation or aortic root dilation after uncomplicated 
complete repair, we excluded patients who were younger 
than 14 years old at the time of aortic operation, because 
the occurrence of aortic operation in the very young 
implies intelvening endocarditis or operative trauma. 3'4 
Sixteen patients were identified; all but 2 (cases 13 and 14, 
Table I) underwent repair at our institution. Adequate 
imaging studies of the aortic root before repair were not 
available in 5 of 16; all 5 (cases 8, 10, and 13 through 15) 
underwent repair before 1979. In 2 of these 5 patients, 
additional imaging studies after repair yet before the 
aortic operation were available. 
The degree of aortic regurgitation was determined from 
the original cardiac catheterization or echocardiogram 
report immediately before the operation. Off-line analysis 
was done for aortic dimensions. Aortic root dimensions 
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were measured at the widest point of the sinuses of 
Valsalva and at the ascending aorta approximately 2 cm 
above the sinotubular junction. Echocardiographic mea- 
surements were used preferentially over angiographic 
measurements if both were available. Angiographic mea- 
surements were made from cineangiograms or plain ra- 
diographic roll film, or both. Interobserver agreement was 
96% for both aortic sinus measurement and for ascending 
aorta measurement by angiography. 
Continuous data were compared with use of the Wil- 
coxon rank-sum test. Discrete data were compared with 
the X 2 test. 
Results 
Sixteen patients underwent aortic valve operation 
with or without other procedures on the aortic root 
at our institution after having had prior complete 
repair of PA/VSD or TOF (Table I). There were 8 
women, and 12 of 16 had PA/VSD. The median age 
at the time of repair was 13.5 years (range 3 months 
to 42 years). Only 2 patients were younger than 10 
years old at the time of repair. Seven patients had 
undergone 8 prior palliative procedures. 
These patients subsequently underwent aortic 
valve replacement (10 mechanical prostheses, 5
bioprosthetic valves, and 1 aortic root replacement 
with a mechanical valved conduit) at a median age 
of 30.5 years (range 15 to 47 years). The median 
time from repair to the aortic operation was 13.5 
years (range 1 to 28 years). There was a trend 
toward a longer time to the aortic operation in 
patients who had repair at a younger age, but this 
was not statistically significant. Associated proce- 
dures in patients with PA/VSD included revision of 
the right ventricle-pulmonary artery conduit at the 
time of the aortic valve operation (n = 11) and 
tricuspid valve repair or replacement (n = 2). All 
four patients with TOF had additional procedures at 
the time of the aortic valve operation (Table I). 
The aortic sinus diameter at the time of complete 
repair (available in 11 patients) was greater than 40 
mm in 6 patients. All 16 patients had aortic sinuses 
at least 40 mm in diameter at the time of the aortic 
valve operation. In 13, there was specific notation in 
the operative record of aortic annular dilation. One 
patient (case 4) had aortic cusp prolapse that was 
thought to be a result of annular dilation at the time 
of valve replacement. Five patients (cases 4, 6, 9, 11, 
and 12) had repair of an ascending aortic aneurysm 
(47 to 59 mm diameter at angiography) at the time 
of the aortic valve operation, three of whom were 
noted to have cystic medial necrosis on histologic 
examination of the aortic wall. 
Five patients had associated conditions that have 
been reported to be related to the late development 
of aortic regurgitation. One patient (case 3) had a 
deformed, near-bicuspid aortic valve with a rudi- 
mentary third leaflet. This was evaluated at repair, 
but the valve was not replaced because there was no 
aortic regurgitation at preoperative catheterization. 
A grade 2/6 blowing diastolic murmur was present 
after operation, and the aortic valve was replaced 
3.5 years later. Two patients had evidence of dam- 
age to the aortic valve and also had a recurrent 
VSD. The first (case 15) had a 4 mm recurrent VSD 
and a single, 1 cm hole noted at the base of the 
noncoronary cusp at aortic valve replacement and 
also had a history of endocarditis 3 years before 
repair. This patient had a wide pulse pressure and 
grade 3/6 diastolic murmur after repair and had the 
shortest time from repair to the aortic operation in 
this series (15 months). The second patient with 
evidence of valvular damage (case 14) underwent 
repair elsewhere at age 1% Three years later, a 
recurrent VSD was closed. When seen at our insti- 
tution at age 29, the patient had a residual VSD and 
mild aortic regurgitation. At operation, two 2.5 mm 
aortic cusp perforations appeared to be a result of 
suture tears and were closed with a pericardial 
patch. A 15 mm recurrent posterior VSD was also 
patched. No aortic regurgitation was found at exam- 
ination 6 and 8 years later, though severe aortic 
regurgitation subsequently developed in this patient. 
Two other patients had repair of a recurrent VSD at 
the time of the aortic valve operation. One (case 10) 
had dehiscence of the VSD patch along the upper 
third of the suture line; however, no prolapse of the 
aortic valve was noted at catheterization before 
operation or at operation. The other patient (case 
16) had mild aortic regurgitation on echocardio- 
graphic examination before and immediately after 
repair. At the aortic valve operation she underwent 
suture closure of a small recurrent VSD. The aortic 
valve cusps did not prolapse and the aortic regurgi- 
tation was not thought to be related to the recurrent 
VSD. 
The remaining 11 patients had complete, uncom- 
plicated repair with no subsequent evidence of 
valvular damage, recurrent VSD, or history of en- 
docarditis. Five patients had a soft diastolic murmur 
immediately after repair (cases 1, 4, 7, 9, and 11), 
but 3 of them had only mild aortic regurgitation at 
imaging study 4 to 8 years later, and 1 had mild to 
moderate aortic regurgitation 15 years later. The 
murmur in the fifth patient (case 7) was attributed to 
pulmonary regurgitation. A total of 9 patients (cases 
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1, 2, 4, 5, 6, 8, 9, 11, and 12) had a cardiac 
catheterization, echocardiogram, or both, during the 
interval from repair to the aortic valve operation 
that clearly demonstrated a lesser degree of aortic 
regurgitation than that present at the time of the 
aortic valve operation, which thus documented the 
progressive nature of the lesion. By the time of 
the aortic valve operation (7 to 24 years after 
complete repair), there was specific mention in the 
operative note of aortic or aortic annular dilation in 
all 11 patients. 
Fig. 1 shows the progression of aortic regurgita- 
tion after repair in 11 patients who had an imaging 
study done to assess aortic regurgitation before 
repair (see also Table I). At the time of the aortic 
valve operation in all 16 patients, 9had severe aortic 
regurgitation and 7 had moderate aortic regurgita- 
tion. 
There was only 1 early death in this group, even 
though 7 patients had undergone palliative opera- 
tion before repair and all but 2 underwent addi- 
tional procedures at the time of the aortic valve 
operation. This patient (case 9) died suddenly in the 
hospital 6 weeks after a complicated postoperative 
course after the aortic valve operation. Moderate 
right ventricular dysfunction had been noted before 
operation, and at postmortem examination there 
was severe biventricular hypertrophy with fibrosis 
and subendocardial infarction of the right ventricle. 
The death was judged to be caused by multisystem 
disease and cardiac arrhythmia. The other 15 re- 
main alive a median of 2.5 years (range 0.1 to 17.5 
years) after the aortic valve operation. None have 
had any further aortic operations. 
Discuss ion 
This is the first series that describes progressive 
aortic regurgitation and aortic root dilation after 
complete, uncomplicated repair. Other investigators 
have reported aortic regurgitation or aortic valve 
operations after repair of PA/VSD or TOF; how- 
ever, these have generally been isolated cases and 
progression has not been documented)' 7, 11 Most 
have been the result of a recurrent VSD or surgical 
damage to the aortic valve at the time of initial 
repair. Although five patients in our series had 
associated conditions that have been reported to be 
related to the progression of aortic regurgitation i
this population, most of the patients had progressive 
aortic regurgitation with or without aortic root 
dilation despite having had successful, uncompli- 
cated repair. 
At time of At time of 
radical repair aortic surgery 
Severe Severe 
Fig. 1. Progression of aortic regurgitation i patients in 
whom the degree of aortic regurgitation was determined 
before complete repair. 
Significant aortic regurgitation, when it occurs, 
appears to take a relatively long time to develop 
after repair. Presbitero and colleagues 4 concluded 
that aortic regurgitation does not progress after 
intracardiac repair, although the mean follow-up in 
that series was only 3 years. A series reported by 
MareUi and colleagues 1°included 10 patients who 
underwent repair after age 18 years. Two patients 
had moderate aortic regurgitation that remained 
stable after repair (duration of follow-up not speci- 
fied) and 1 patient had progression from mild to 
moderate aortic regurgitation over 10 years. 
Thus, although progressive aortic regurgitation 
occurs after repair, the need for aortic valve opera- 
tion is rare. The reoperation rate after repair in 
reported series has been 3% to 24%, with aortic 
valve operation rare among those who undergo 
reoperation. 1217 Despite the sometimes severe aor- 
tic dilation noted in this series and the medial 
degeneration on histologic examination seen in 3 of 
the 5 patients who underwent resection of an aneu- 
rysmal ascending aorta, no patient had aortic dissec- 
tion or rupture. 
Hemodynamic stress on the aortic wall before 
repair may play a role in progressive aortic dilation. 
Marsalese and associates 2° reported on 93 patients 
(none with congenital heart disease) with medial 
degeneration diagnosed after aortic operation or at 
autopsy. Aortic regurgitation was seen in 72% of 
their patients who underwent catheterization and 
aortic dilation was seen in 78%. The association of 
severe aortic regurgitation and its resultant hemo- 
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dynamic stress with aortic dilation and medial de- 
generation has been noted by others. TM 22 In addi- 
tion, patients with bicuspid aortic valves also have 
progressive aortic root dilation and often have me- 
dial degeneration of the aorta. =, 23 
In these patients, however, aortic regurgitation 
seems to be the result of, rather than the cause of, 
progressive aortic root dilation. Indeed, we recently 
saw a patient who had aortic valve replacement a the 
time of complete repair at age 43 and subsequently 
had progressive aortic root dilation to 85 ram, neces- 
sitating cardiac transplantation despite the absence of 
aortic regurgitation. We believe it is unlikely that 
patients with PA/VSD or TOF have an intrinsic ab- 
normality of the aortic wall as has been postulated for 
patients with bicuspid aortic valves. 22' 23 Rather, we 
agree with others that the aortic wall is damaged from 
years of increased flow before repair. TM 24 If increased 
flow through the aorta is a major contributor to aortic 
annular and ascending aortic dilation, this complica- 
tion should be more common in patients who were 
older at repair and in those with PA/VSD as compared 
with TOF. This is suggested inour series in which only 
2 patients were younger than 10 years old at the time 
of repair and 12 of the 16 patients had PA/VSD with 
its attendant greater flow through the aorta compared 
with TOF. 
Why the aortic dilation should progress, however, 
remains unclear. It seems likely that the early hemo- 
dynamic stress on the aortic wall induces the medial 
damage. This would be analogous to the medial de- 
generation seen in patients with long-standing aortic 
regurgitation. 2°The medial damage might then pro- 
vide the substrate for further dilation and regurgita- 
tion. We have no direct evidence that our patients had 
medial degeneration atthe time of repair. 
Limitations. It is possible that a bias exists for 
patients with long-term complications being re- 
ferred back to our institution for follow-up. Because 
of the referral nature of our patient population, we 
may encounter this late, uncommon complication 
with unusual frequency. In addition, the advent of 
two-dimensional nd color-flow Doppler echocardi- 
ography may in part account for an increased aware- 
ness of this complication. 
This study was retrospective, and the limitations 
of measuring aortic dimensions from imaging stud- 
ies not specifically directed at the regions of interest 
must be noted. 
We excluded patients younger than 14 years old. 
This cutoff is arbitrary but was based on the belief 
that the development of aortic regurgitation before 
the teenage years in those who have had repair 
suggests other complicating fac tors .  3' 4 
Conclusions. Progressive aortic dilation or aortic 
regurgitation, or both, occurs after complete repair 
in patients with PA/VSD and to a lesser extent in 
those with TOF. This deterioration may take a long 
time to develop and therefore warrants continued 
observation of these patients after repair. Aortic 
regurgitation should be carefully sought by auscul- 
tation, but it may be difficult to delineate in the 
setting of prosthetic pulmonary valve regurgitation 
or residual collaterals. This emphasizes the need for 
a comprehensive transthoracic two-dimensional nd 
Doppler echocardiogram not only to quantitate the 
degree of aortic regurgitation but also to evaluate 
the size of the ascending aorta. Other imaging 
modalities uch as computed tomography, magnetic 
resonance imaging, or angiography should be con- 
sidered if there is clinical suspicion of aortic dilation. 
These observations emphasize the need for contin- 
ued and life-long follow-up of all patients after 
repair of PA/VSD and TOF. 
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